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SALT/ION PAIR MEDICINAL AEROSOL 
FORMULATION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a medicinal aerosol for 
mulation, and more particularly, to a slowly dissolving, 
modulated release, medicinal aeroSol formulation compris 
ing a Salt/ion pair of a medicament. 
0003 2. Description of the Related Art 
0004 Delivery of drugs to the lung by way of inhalation 
is an important means of treating a variety of conditions, 
including Such common local conditions as cystic fibrosis, 
pneumonia, bronchial asthma and chronic obstructive pull 
monary disease and Some Systemic conditions including 
pain management, immune deficiency, hormonal therapy, 
erythropoiesis, diabetes, etc. Steroids, B2 agonists, anti 
cholinergic agents, proteins and polypeptides are among the 
drugs that are administered to the lung for Such purposes. 
Such drugs are commonly administered to the lung in the 
form of an aerosol of particles of respirable size (less than 
about 10 um in diameter). In order to assure proper particle 
Size in the aeroSol, particles can be prepared in respirable 
Size and then incorporated into a colloidal dispersion con 
taining either a propellant, as a pressurized metered dose 
inhaler (MDI), or air such as is the case with a dry powder 
inhaler (DPI). Alternatively, formulations can be prepared in 
Solution or emulsion form in order to avoid the concern for 
proper particle size in the formulation. Solution formula 
tions must nevertheless be dispensed in a manner that 
produces particles or droplets of respirable size. 

0005 For MDI preparations, once prepared, the aerosol 
formulation is filled into an aeroSol canister equipped with 
a metered dose valve. In the hands of the patient the 
formulation is dispensed via an actuator adapted to direct the 
dose from the valve to the patient. 

0006. It is important that an aerosol formulation be stable 
such that the delivered dose discharged from the metered 
dose valve is reproducible. Rapid creaming, Settling, or 
flocculation after agitation are common Sources of dose 
irreproducibility in Suspension formulations. Sticking of the 
Valve also can cause dose irreproducibility. In order to 
overcome these problems, MDI aerosol formulations often 
contain Surfactants, which Serve as Suspending aids to Sta 
bilize the suspension for a time sufficient to allow for 
reproducible dosing. Certain Surfactants also function as 
lubricants to lubricate the valve to assure Smooth actuation. 
Myriad materials are known and disclosed for use as dis 
persing aids in aeroSol formulations. Suitability of materials, 
however, is dependent on the particular drug and the pro 
pellant or class of propellant used in the formulation. 

0007. It is sometimes difficult to dissolve sufficient quan 
tities of conventional Surfactants in hydrofluorocarbon 
(HFC) propellants such as HFC-134a and HFC-227. Cosol 
vents, Such as ethanol, have been used to overcome this 
problem, as described in U.S. Pat. No. 5.225,183. An 
alternative approach that avoids coSolvents involves mate 
rials that are Soluble or homogeneously dispersible in 
hydrofluorocarbon propellants and are Said to be effective 
Surfactants or dispersing aids in an aerosol formulation. 
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Among Such materials are certain fluorinated Surfactants and 
certain polyethyoxySurfactants. 
0008 Medicaments which are relatively small molecules 
are much more predictable in terms of their aeroSol formu 
lation characteristics than macromolecules. The macromol 
ecules, Such as peptides or proteins, which range in molecu 
lar size from about 1 K Dalton to about 150 K Daltons in 
molecular size are very unpredictable and present unique 
problems in forming aerosol formulations thereof which are 
Stable and provide reproducible dosage. 
0009 Most peptide and protein drugs, such as hormones, 
e.g. insulin, amylin, etc., enzymes, antinfectives, are quite 
variable in their amino acid composition and three-dimen 
Sional Structure. Consequently their Surface activity is highly 
variable, and importantly, no model is yet available that 
explains differences in protein Surface activity based on their 
most basic and Structural properties, Such as molecular 
weight, adsorptivity, Solubility, partition coefficient and iso 
electric pH. Hemoglobin, for example, has far higher affinity 
for Solid Surfaces than does albumin, yet the molecular 
weights of these two proteins are very similar. Fundamen 
tally, the diversity in Surface activity of peptides and proteins 
originates in the linear Sequence of amino acids that 
uniquely characterizes each type of protein. The amino acid 
Side chains often vary dramatically in that Some carry no 
charge at any pH, yet exhibit considerable polar character 
(Serene, threonine). Other amino acids are ionizable and 
vary from fairly acidic (aspartic and glutamic acid are fully 
negatively charged at the physiological pH of 7.4) to basic 
functionalities, Such as the imidazole group in histidine 
(which carries a partial positive charge at pH 7.4), and the 
Still more basic amino groups in lysine and arginine that 
carry full positive charges at pH 7.4. Another group of amino 
acids, Somewhat hydrocarbon-like in character, appear to 
demonstrate generally a much lower Solubility profile in 
water (tryptophan, phenylalanine, isoluecine, etc.) than 
many of the other amino acids found in biological Systems. 
It is noteworthy that the hydrophobicity of these water 
hating amino acids varies greatly with their specific structure 
in the protein. For example, the Single methyl group side 
chain in alanine contributes only 0.5 kcal/mole to the free 
energy of transfer from water to an organic phase, whereas 
the double-ringed indole group in tryptophan contributes 3.4 
kcal. The variety of amino acid Side chains, together with the 
many different types of chemical interactions that result in 
Solution and at Surfaces, should be expected to have a 
considerable impact on aeroSol formulation Stability as well 
as transport of these peptide and protein biotherapeutic 
agents acroSS biologic membranes. 
0010. The diverse character of the amino acid side chains, 
together with the complexity of various combinations of 
amino acids present in each particular protein, means that 
physicochemical properties of the proteins, their intermo 
lecular as well as intramolecular reactivity, and also their 
ability to interact with surfaces should be highly variable. 
Due to their large size, and correspondingly due to the large 
numbers of charged amino acid Side chains, proteins have 
many charges distributed over their exterior Surface. This 
could lead to very large variances in aerosol formulation 
Stability and lung uptake of these compounds. Peptide and 
protein drugs also generally have multiple ionization Sites 
and therefore they often demonstrate pH-dependent solubil 
ity profiles. Importantly, the hydrophilic nature of these 
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compounds provides excellent conditions for high aqueous 
Solubility. Consequently, most peptide and protein drugs 
present extremely low lipid Solubility characteristics, the 
latter possibly being one reason why dispersions of these 
drugs in hydrofluorocarbon propellants would be physically 
and chemically stable acroSS a wide range of Storage con 
ditions. An aeroSol medicament formulation comprising 
peptide and protein drugs in carrier or formulation media 
within which they are virtually insoluble is needed to reduce 
hydrolytic and chemical deactivation usually typical of 
aqueous Solutions. 
0.011 The combination of a large surface area, thin 
absorptive membrane, and extensive vasculature constitutes 
a favorable absorptive environment for proteins and peptides 
when delivered by the pulmonary route. Studies show that 
intratracheal (i.t.) administration of peptides is rapid and 
quantifiable; however the resultant distribution is often 
localized in central airways. Administration by aeroSol, for 
example, depending on particle size distribution, may be 
used to give more uniform distribution with greater alveolar 
penetration. Drug absorption from the airways is dependent 
upon the Site of deposition, the method of drug delivery, the 
type of Solute presentation and composition of the formu 
lation. Therefore, formulation and device characteristics will 
have a dramatic impact upon the rate and extent of peptide 
absorption from the lung. Studies show that absorption rates 
following aerosol delivery of Small molecular weight com 
pounds can be roughly twice that of it. delivery. What is 
desired is to present peptides and proteins as hydrophobic 
dispersions via a multi dose inhalation device (“pMDI) in 
order to have greater penetration of the drug particles to the 
peripheral lung where absorption should be significantly 
greater than it is for centrally deposited drug as is the case 
with aqueous instillations. 
0012. The realty that insulin can be absorbed from the 
lung into the bloodstream has been demonstrated by a 
number of Scientists. A 1990 review article Lung, Supple 
ment pp. 677-684 demonstrated from multiple studies that 
aerosolized insulin delivered into the lung yielded a half-life 
of 15-25 minutes but results were quite variable. Compre 
hensive Studies also have demonstrated that aeroSolized 
insulin given peripherally into the lung of rabbits produced 
bioavailability of over 50.7 percent in contrast to 5.6 percent 
bioavailability Seen for liquid insulin dripped into the central 
airways. These Studies therefore Support the contention that 
aeroSolized insulin must be delivered peripherally into the 
lung for maximum efficiency and that inadvertent central 
disposition of inhaled aeroSolized insulin will produce an 
effect ten times lower than that desired. Such variations in 
dosing of ten-fold are clearly unacceptable if aeroSolized 
insulin should become an effective means of treating dia 
betes. Thus, there is need for effective, high precision 
aeroSol devices to achieve the tolerances required for aero 
Solizing insulin to human Subjects. This concept for using 
aeroSolized insulin in diabetes management would also 
apply to amylin and glucagon, partner hormones to insulin 
in the regulation of plasma glucose concentrations, which 
until now, must be administered by Subcutaneous injection 
(s.c.). 
0013 Dry powder presentations of peptide and protein 
drugs possess unique opportunities in formulations, which 
do not occur in liquid presentations Such as pMDIS and 
nebulized Solutions. Dry powder aerosols of peptide and 
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protein drugs, because of improved Solid State Stability, are 
attractive from the formulation Standpoint Since many of the 
undesirable Solution and liquid State interactive effects are 
circumvented. In this regard, reference is made to RubSamen 
et al., U.S. Pat. No. 5,672.581 and Patton et al. in U.S. Pat. 
No. 5,775,320. 
0014 Both the Rubsamen and Patton approaches are 
therapeutically feasible although their complexity and pre 
Sumed inherent costs limit their applicability to the man 
agement of a chronic disease like diabetes mellitus. Thus, it 
is a problem to use an expensive, complicated device Such 
as the portable, electronically based portable nebulizer to 
routinely deliver hypoglycemics to patients that need them. 
It is further a problem to use large, bulky, difficult to clean, 
dry powder aerosol device like the Patton device to deliver 
hypoglycemics to the body via lung. Thus, the primary 
objective in formulating a peptide or protein drug as a dry 
powder inhalation aerosol (DPI) is to enable the drug, and in 
Some cases, added excipients, to form an aerocolloid which 
is chemically and physically stable and can remain in 
Suspension until the drug particle reaches the alveolar or 
other absorption Sites. Once at the absorption site, the drug 
particles should be efficiently trapped at the deposition site, 
dissolve rapidly in the epithelial lining fluids, and be 
absorbed quickly acroSS the biomembrane thereby limiting 
possible deactivation by metabolizing enzymes in the air 
ways. 

0015 Spray drying is a process used to prepare medica 
ment particles for drug formulations. Spray drying consti 
tutes a single step process which transforms a Solution or 
Suspension into fine powder. Generally, Spray drying pro 
duces Spherical particles, which are often hollow thus result 
ing in a powder with low bulk density compared to the initial 
material. Powder characteristics of Spray dried materials 
(i.e., particle size distribution, bulk density, porosity, mois 
ture content, dispersibility, etc.) are generally good in many 
regards, but particles manufactured by this process demon 
Strate poor flow characteristics. Furthermore, a requirement 
for heat during particle formation by this process makes 
Spray drying less desirable for heat Sensitive compounds 
Such as peptide and protein drugs. Thus, it is a problem that 
most dry powder aerosols demonstrate adhesion and poor 
flowability through device hardware to the extent that accu 
racy of dose delivery becomes a problem to the patient. 
0016. Another problem associated with peptide and pro 
tein formulations as dry powder aerosols is that of packaging 
the material as agglomerates in a device Such that during 
aerolization, the agglomerates are broken up, and the indi 
vidual particles released prior to entry into the airways. 
Preparation of robust agglomerates of micron or Sub-micron 
sized particles is a reasonably Straightforward task which 
can be achieved by conventional granulation, with or with 
out polymeric binderS. However, the requirement that upon 
entering the airways, the agglomerates should break up into 
primary particles, probably rules out a simple, conventional 
approach to granulation Since the interparticle forces could 
be too large to allow easy, efficient and prompt deagglom 
eration. The total adhesive force between two unlike par 
ticles or total cohesive force between two like particles can 
be considered as being constituted from a Sum of one or 
more attractive forces. Many of these forces are known to be 
responsible for formation of adhesive units between dry 
powder and excipient particles in formulations. Therefore 
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the aim of any manipulation of inter-particle forces will be 
to produce agglomerates of between Say, 50 and 200 um 
diameter, which are robust enough to withstand flow, Storage 
and packing in the delivery device, but which can be 
de-agglomerated rapidly and completely by the Shear 
Stresses in the inspired air Stream. This problem which is 
quite common in peptide and protein aerosol formulations 
may be avoided completely in liquid formulations within 
which the drug is insoluble, is presented as a colloidal 
dispersion, and is Sterically protected against Self-associa 
tion. Hence it is a desire to formulate peptide and protein 
drugs as loose, flocculated colloids in non-aqueous media, 
like hydrofluorocarbons, which rapidly and easily break up 
into discrete particles upon aerolization to the airways. 
Additionally, it is desired to present peptide and protein 
drugs in formulation Systems within which the drug particles 
are perpetually in random motion, thus eliminating aggre 
gate formation of the individual drug particles. 
0.017. Other non-injectable diabetes therapies have been 
proposed, Some demonstrating that a biotherapeutic 
response could be produced following nasal administration 
of insulin when formulated with detergents and other mem 
brane penetrants, as indicated in Moses et al., Diabetes, Vol. 
32, November 1983; and Salzman et al., New England 
Journal of Medicine, Vol. 312, No. 17. Significant inter 
Subject variability and irritation of nasal membranes to 
varying degrees is observed. Since diabetes is a chronic 
disease which must be continuously treated by the admin 
istration of insulin, and Since mucosal irritation tends to 
increase with repeated exposures to membrane penetration 
enhancers, efforts at developing a non-invasive nasally 
administered insulin have not been commercialized. Accord 
ingly, a Safe, reproducible, effective, non-invasive delivery 
means for peptide and protein drugs via lung as pMDIS is 
desired and needed. 

SUMMARY OF THE INVENTION 

0.018. This invention relates to a salt/ion pair medicinal 
aeroSol formulation and more particularly, to a slowly dis 
Solving, modulated release, Salt/ion pair of a protein or 
peptide medicament having a molecular Size ranging from 
about 1 K Dalton to about 150K Daltons. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0019. This invention involves a stable suspension aerosol 
formulation suitable for pressurized delivery which com 
prises (1) a particulate Salt/ion pair of a macromolecular 
medicament or drug and a Suitable propellant. The Salt/ion 
pair paradoxically enhances Suspension qualities, decreases 
Solubilization rates, and produces increased duration rates of 
the macromolecular medicament in the body. 
0020. A suitable macromolecular medicament or drug is 
one which is suitable for administration by inhalation, the 
inhalation being used for oral and nasal inhalation therapy. 
A Stable, colloidal dispersion of a medicament in a fluid, e.g. 
air, hydrocarbon gases, chlorofluorocarbon (CFC) propel 
lants or non-CFC propellants, Such as tetrafluoroethane 
(HFA-134a) and heptafluoropropane (HFA-227), is 
described. 

0021. A suitable medicament to which the subject inven 
tion is directed is one that forms a stable hydrophobic 
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dispersion Suitable for delivery to a patient, e.g., human or 
other animal. Typically, the medicament includes a peptide, 
polypeptide, or protein biotherapeutic ranging from 0.5 K 
Dalton to 150 KDalton in molecular size. In particular, the 
peptide, polypeptide, or protein biotherapeutic medicament 
includes diabetic aids; insulins and insulin analogs, amylin; 
glucagon; Surfactants, immunomodulating peptides Such as 
cytokines, chemokines, lymphokines interleukins Such as 
taxol, interleukin-1, interleukin-2, and interferons, erythro 
poetins, thrombolytics and heparins; anti-proteases, antit 
rypsins and amiloride, rhDNase; antibiotics and other anti 
infectives, hormones and growth factorS Such as parathyroid 
hormones, LH-RH and GnRH analogs; nucleic acids; 
DDAVP, calcitonins, cyclosporine, ribavirin; enzymes, hep 
arins, hematopoietic factors, cycloSporins; vaccines, immu 
noglobulins, vasoactive peptides, antisense agents, genes, 
oligonucleotides, and nucleotide analogs. 

0022. The term “diabetic aid” includes natural, synthetic, 
Semi-Synthetic and recombinant medicaments Such as 
activin, glucagon, insulin, Somatostatin, proinsulin, amylin, 
and the like. 

0023 The term “insulin' shall be interpreted to encom 
pass natural extracted human insulin, recombinantly pro 
duced human insulin, insulin extracted from bovine and/or 
porcine Sources, recombinantly produced porcine and 
bovine insulin and mixtures of any of these insulin products. 
The term is intended to encompass the polypeptide normally 
used in the treatment of diabetics in a Substantially purified 
form but encompasses the use of the term in its commer 
cially available pharmaceutical form, which includes addi 
tional excipients. The insulin is preferably recombinantly 
produced and may be dehydrated (completely dried) or in 
Solution. 

0024. The terms “insulin analog,”“monomeric insulin' 
and the like are used interchangeably herein and are 
intended to encompass any form of “insulin', as defined 
above, wherein one or more of the amino acids within the 
polypeptide chain has been replaced with an alternative 
amino acid and/or wherein one or more of the amino acids 
has been deleted or wherein one or more additional amino 
acids has been added to the polypeptide chain or amino acid 
Sequences which act as insulin in decreasing blood glucose 
levels. In general, the “insulin analogs' of the present 
invention include “insulin lispro analogs,' as disclosed in 
U.S. Pat. No. 5,547,929, incorporated hereinto by reference 
in its entirety, insulin analogs including LysPro insulin and 
humalog insulin, and other "Super insulin analogs”, wherein 
the ability of the insulin analog to affect Serum glucose 
levels is Substantially enhanced as compared with conven 
tional insulin as well as hepatoselective insulin analogs 
which are more active in the liver than in adipose tissue. 
Preferred analogs are monomeric insulin analogs, which are 
insulin-like compounds used for the same general purpose as 
insulin Such as insulin lispro i.e., compounds which are 
administered to reduce blood glucose levels. 
0025 The term "amylin' includes natural human amylin, 
bovine, porcine, rat, rabbit amylin, as well as Synthetic, 
Semi-Synthetic or recombinant amylin or amylin analogs, 
including pramlintide and other amylin agonists as disclosed 
in U.S. Pat. No. 5,686,411, and U.S. Pat. No. 5,854,215, 
both of which are incorporated hereinto by reference in their 
entirety. 
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0026. The term “immunomodulating proteins” include 
cytokines, chemokines, lymphokines complement compo 
nents, immune System accessory and adhesion molecules 
and their receptors of human or non-human animal Speci 
ficity. Useful examples include GM-CSF, IL-2, IL-12, 
OX40, OX40L (gp34), lymphotactin, CD40, CD40L. Useful 
examples include interleukins for example interleukins 1 to 
15, interferons alpha, beta or gamma, tumour necrosis factor, 
granulocyte-macrophage colony Stimulating factor (GM 
CSF), macrophage colony stimulating factor (M-CSF), 
granulocyte colony Stimulating factor (G-CSF), chemokines 
Such as neutrophil activating protein (NAP), macrophage 
chemoattractant and activating factor (MCAF), RANTES, 
macrophage inflammatory peptides MIP-1a and MIP-1b, 
complement components and their receptors, or an acces 
sory molecule such as B7.1, B7.2, ICAM-1, 2 or 3 and 
cytokine receptors. OX40 and OX40-ligand (gp34) are fur 
ther useful examples of immunomodulatory proteins. Immu 
nomodulatory proteins can for various purposes be of human 
or non-human animal Specificity and can be represented for 
present purposes, as the case may be and as may be 
convenient, by extracellular domains and other fragments 
with the binding activity of the naturally occurring proteins, 
and muteins thereof, and their fusion proteins with other 
polypeptide Sequences, e.g. with immunoglobulin heavy 
chain constant domains. Where nucleotide Sequences encod 
ing more than one immunomodulating protein are inserted, 
they can for example comprise more than one cytokine or a 
combination of cytokines and accessory/adhesion mol 
ecules. 

0027. The term “interferon” or “IFN" as used herein 
means the family of highly homologous species-specific 
proteins that inhibit viral replication and cellular prolifera 
tion and modulate immune response. Interferons are 
grouped into three classes based on their cellular origin and 
antigenicity, alpha-interferon (leukocytes), beta-interferon 
(fibroblasts) and gamma-interferon (immunocompetent 
cells). Recombinant forms and analogs of each group have 
been developed and are commercially available. Subtypes in 
each group are based on antigenic/structural characteristics. 
At least 24 interferon alphas (grouped into Subtypes. A 
through H) having distinct amino acid Sequences have been 
identified by isolating and Sequencing DNA encoding these 
peptides. See also Viscomi, 1996 Biotherapy 10:59-86, the 
contents of which are incorporated by reference hereinto in 
its entirety. The terms “alpha.-interferon”, “alpha inter 
feron”, “interferon alpha”, “human leukocyte interferon” 
and IFN are used interchangeably herein to describe mem 
bers of this group. Both naturally occurring and recombinant 
alpha interferons, including consensus interferon Such as 
that described in U.S. Pat. No. 4,897,471, the contents of 
which are incorporated hereinto by reference in its entirety, 
may be used in the practice of the invention. Human 
leukocyte interferon prepared in this manner contains a 
mixture of human leukocyte interferons having different 
amino acid Sequences. Purified natural human alpha intef 
erons and mixtures thereof which may be used in the 
practice of the invention include but are not limited to 
Sumiferon RTM interferon alpha-n1 available from Sumi 
tomo, Japan; Welfferong interferon alpha-n1 (Ins) available 
from Glaxo-Wellcome Ltd., London, Great Britain; and 
Alferon RTM interferon alpha-n3 available from the Purdue 
Frederick Co., Norwalk, Conn. 
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0028. The term “erythropoietin” applies to synthetic, 
Semi-Synthetic, recombinant, natural, human, monkey, or 
other animal or microbiological isolated polypeptide prod 
ucts having part or all of the primary Structural conformation 
(i.e., continuous sequence of amino acid residues) and one 
or more of the biological properties (e.g., immunological 
properties and in Vivo and in vitro biological activity) of 
naturally-occurring erythropoietin, including allelic variants 
thereof. These polypeptides are also uniquely characterized 
by being the product of procaryotic or eucaryotic host 
expression (e.g., by bacterial, yeast and mammalian cells in 
culture) of exogenous DNA sequences obtained by genomic 
or cDNA cloning or by gene synthesis. Products of microbial 
expression in vertebrate (e.g., mammalian and avian) cells 
may be further characterized by freedom from association 
with human proteins or other contaminants which may be 
asSociated with erythropoietin in its natural mammalian 
cellular environment or in extracellular fluids Such as plasma 
or urine. The products of typical yeast (e.g., Saccaromyces 
cerevisiae) or procaryote (e.g., E. coli) host cells are free of 
asSociation with any mammalian proteins. Depending upon 
the host employed, polypeptides of the invention may be 
glycosylated with mammalian or other eucaryotic carbohy 
drates or may be nonglycosylated. Polypeptides of the 
invention may also include an initial methionine amino acid 
residue (at position -1). Novel glycoprotein products of the 
invention include those having a primary Structural confor 
mation Sufficiently duplicative of that of a naturally-occur 
ring (e.g., human) erythropoietin to allow possession of one 
or more of the biological properties thereof and having an 
average carbohydrate composition which differs from that of 
naturally-occurring (e.g., human) erythropoietin. 
0029. The terms “heparins” and “thrombolytics” include 
anti-clotting factorS Such as heparin, low molecular weight 
heparin, tissue plasminogen activator (TPA), urokinase 
(Abbokinase) and other factors used to control clots. 
0030 The terms “anti-proteases” and “protease-inhibi 
tors' are used interchangeably and apply to Synthetic, Semi 
Synthetic, recombinant, naturally-occurring or non-naturally 
occurring, Soluble or immobilized agents reactive with 
receptors, or act as antibodies, enzymes or nucleic acids. 
These include receptors which modulate a humoral immune 
response, receptors which modulate a cellular immune 
response (e.g., T-cell receptors) and receptors which modu 
late a neurological response (e.g., glutamate receptor, gly 
cine receptor, gamma-aminobutyric acid (GABA receptor). 
These include the cytokine receptors (implicated in arthritis, 
Septic Shock, transplant rejection, autoimmune disease and 
inflammatory diseases), the major histocompatibility 
(MHC) Class I and II receptors associated with presenting 
antigen to cytotoxic T-cell receptors and/or T-helper cell 
receptors (implicated in autoimmune diseases) and the 
thrombin receptor (implicated in coagulation, cardiovascu 
lar disease). The list also includes antibodies which recog 
nize Self-antigens Such as those antibodies implicated in 
autoimmune disorders and antibodies which recognize viral 
(e.g., HIV, herpes simplex virus) and/or microbial antigens. 
0031) The terms “hormones” and “growth factors” 
include hormone releasing hormones Such as growth hor 
mone, thyroid hormone, thyroid releasing hormone (TRH), 
gonadotropin-releasing hormone (GnRH), leuteininzing 
hormone, leuteininzing hormone-releasing hormone 
(LHRH, including the Superagonists and antagonists Such as 
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leuprolide, deltirelix, goSorelin, nafarelin, danazol, etc.) 
Sourced from natural, human, porcine, bovine, Ovine, Syn 
thetic, Semi-Synthetic, or recombinant Sources. These also 
include Somatostatin analogs such as octreotide (Sandosta 
tin). Other agents in this category of biotherapeutics include 
medicaments for uterine contraction (e.g., oxytocin), diure 
sis (e.g., vasopressin), neutropenia (e.g., GCSF), respiratory 
disorders (e.g., Superoxide dismutase), RDS (e.g., Surfac 
tants, optionally including apoproteins), and the like. 
0.032 The term “enzymes' include recombinant deoxyri 
bonuclease Such as DNASe (Genentech), proteases (e.g., 
Serine proteases Such as trypsin and thrombin), polymerases 
(e.g., RNA polymerases, DNA polymerases), reverse tran 
Scriptases and kinases, enzymes implicated in arthritis, 
Osteoporosis, inflammatory diseases, diabetes, allergies, 
organ transplant rejection, oncogene activation (e.g., dihy 
drofolate reductase), Signal transduction, Self-cycle regula 
tion, transcription, DNA replication and repair. 

0033. The term “nucleic acids” includes any segment of 
DNA or RNA containing natural or non-naturally occurring 
nucleosides, or other proteinoid agents capable of Specifi 
cally binding to other nucleic acids or oligonucleotides via 
complementary hydrogen-bonding and also are capable of 
binding to non-nucleic acid ligates. In this regard, reference 
is made to Bock, L., et al., Nature 355:564-566 (1992) which 
reports inhibition of the thrombin-catalyzed conversion of 
fibrinogen to fibrin using aptamer DNA. 

0034) Examples of biological molecules for which lead 
molecules can be synthesized and selected in accordance 
with the invention include, but are not limited to, agonists 
and antagonists for cell membrane receptors, neurotransmit 
ters, toxins and Venoms, Viral epitopes, hormones, opiates, 
Steroids, peptides, enzyme Substrates and inhibitors, cofac 
tors, drugs, lectins, Sugars, oligonucleotides, nucleic acids, 
oligosaccharides, lipids, proteins, and analogs of any of the 
foregoing molecules. 

0035. The term “analog” refers to a molecule, which 
shares a common functional activity with the molecule to 
which it is deemed to be an analog and typically shares 
common Structural features as well. 

0.036 The term “recombinant” refers to any type of 
cloned biotherapeutic expressed in procaryotic cells or 
genetically engineered molecule, or combinatorial library of 
molecules which may be further processed into another State 
to form a Second combinatorial library, especially molecules 
that contain protecting groups which enhance the physico 
chemical, pharmacological, and clinical Safety of the bio 
therapeutic agent. 

0037. The term “vaccines” refers to therapeutic compo 
Sitions for Stimulating humoral and cellular immune 
responses, either isolated, or through an antigen presenting 
cell, Such as an activated dendritic cell, that is able to 
activate T-cells to produce a multivalent cellular immune 
response against a Selected antigen. The potent antigen 
presenting cell is stimulated by exposing the cell in vitro to 
a polypeptide complex. The polypeptide complex may com 
prise a dendritic cell-binding protein and a polypeptide 
antigen, but preferably, the polypeptide antigen is either a 
tissue-specific tumor antigen or an oncogene gene product. 
However, it is appreciated that other antigens, Such as viral 
antigens can be used in Such combination to produce immu 
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nostimulatory responses. In another preferred embodiment, 
the dendritic cell-binding protein that forms part of the 
immunostimulatory polypeptide complex is GM-CSF. In a 
further preferred embodiment, the polypeptide antigen that 
forms part of the complex is the tumor-specific antigen 
prostatic acid phosphatase. In Still other preferred embodi 
ments, the polypeptide antigen may be any one of the 
oncogene product peptide antigens. The polypeptide com 
plex may also contain, between the dendritic cell-binding 
protein and the polypeptide antigen, a linker peptide. The 
polypeptide complex may comprise a dendritic cell-binding 
protein covalently linked to a polypeptide antigen, Such 
polypeptide complex being preferably formed from a den 
dritic cell binding protein, preferably GM-CSF, and a 
polypeptide antigen. The polypeptide antigen is preferably a 
tissue-specific tumor antigen Such as prostatic acid phos 
phatase (PAP), or an oncogene product, Such as Her2, 
p21RAS, and p53; however, other embodiments, such as 
Viral antigens, are also within the contemplation of the 
invention. 

0038. The term “immunoglobulins' encompasses 
polypeptide oligonucleotides involved in host defense 
mechanisms. Such as coding and encoding by one or more 
gene Vectors, conjugating various binding moieties of 
nucleic acids in host defense cells, or coupling expressed 
vectors to aid in the treatment of a human or animal Subject. 
The medicaments included in this class of polypeptides 
include IgG, IgE, IgM, Ig), either individually or in a 
combination with one another. 

0039 The term “salt?ion pair” is used to refer to the fact 
that the chemical entities produced by the acid-base reac 
tions as hereinafter described exist in either the Solid crys 
talline form "salt” or as an amorphous, Semi-Solid Viscous 
mass “ion-pair.” In this regard, reference is made to U.S. Pat. 
Nos. 5,373,022 and 5,385,941, which are incorporated by 
reference hereinto in their entirety. 
0040. In the formation of the salt/ion pair of the inven 
tion, a Selected medicament is combined with a cationic 
Source or compound, e.g. a Salt of a Suitable metal. A Suitable 
cation is one selected from the metals, calcium (Ca), mag 
nesium (Mg), Zinc (Zn), aluminum (Al) and Iron (Fe). The 
anionic component of the Salt includes any anion, e.g. 
acetate, fluoride, chloride, Sulfate, Sulfonate, etc. considered 
pharmaceutically acceptable in drug products for human 
Sc. 

0041. In forming the salt/ion pair, reference is made to 
U.S. Pat. Nos. 5,373,022 and 5,385,941. In particular, the 
Selected medicament, e.g. insulin is combined with water or 
any other Suitable aqueous Solvent, whereby a dispersion is 
formed. The cationic Source, e.g. Zinc acetate, magnesium 
chloride, calcium chloride, etc., is then added to the resultant 
dispersion in a Sufficient amount whereby the resultant 
medicinal aerosol formulation destined to be formed con 
tains the Salt/ion pair of the Selected medicament in a 
concentration or amount ranging from about 0.000001 
weight percent to about 10 weight percent of the total weight 
of the resultant formulation. 

0042. The resultant mixture is then treated to remove the 
water therefrom. Any conventional method can be used to 
remove the water, Such as Spray drying, lyophilization, 
Supercritical fluid technology, coacervation, etc. The result 
ant Solid or Slurry comprising the Salt/ion pair is then 
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micronized into respirable particles using conventional 
means, e.g. homogenization, milling, comminution, etc. 

0043. In an alternative embodiment, the salt/ion pair is 
formed as croSSlinked crystals prior to forming the destined 
medicinal aerosol formulation. In this regard, reference is 
made to PCT patent application WO92/02617, U.S. Pat. 
Nos. 5,932.212; 6,042,824; and 6,140,475, all of which are 
incorporated hereinto by reference in their entirety. 

0044) Crystals of the salt/ion pair of the selected medi 
cament are grown by the controlled precipitation of the 
Salt/ion pair out of aqueous Solution, or aqueous Solution 
containing organic Solvents. Conditions to be controlled 
include, for example, the rate of evaporation of Solvent, the 
presence of appropriate co-Solutes and buffers, and the pH 
and temperature. A comprehensive review of the various 
factors affecting the crystallization of proteins has been 
published by McPherson (Methods Enzymol. 114: 112 
(1985)). In addition, both McPherson and Gilliland (J. 
Crystal Growth 90: 51-59 (1988)) have compiled compre 
hensive lists of all proteins and nucleic acids that have been 
reported as crystallized, as well as the conditions that lead to 
their crystallization. A compendium of crystal Structures, is 
maintained by the Protein Data Bank (Bernstein et al. J. Mol. 
Biol. 112: 535-542 (1977)) at the Brookhaven National 
Laboratory. Such references can be used to determine the 
conditions necessary for the crystallization of a given pro 
tein or enzyme previously crystallized, as a prelude to the 
formation of an appropriate crystalline Salt/ion pair and can 
guide the formulation of a crystallization Strategy for Salt/ion 
pairs. Alternatively, an intelligent trial and error Search 
strategy (see eg., Carter, C. W. Jr. and Carter C. W., J. Biol. 
Chem. 254: 12219-12223 (1979)) can, in most instances, 
produce Suitable crystallization conditions for most Salt/ion 
pairs including, but not limited to, those discussed above, 
provided that an acceptable level of purity can be achieved 
for these. The level of purity required can vary widely. 
0.045. In general, crystals of the salt/ion pair are produced 
by combining the Salt/ion pair to be crystallized with an 
appropriate aqueous Solvent or aqueous Solvent containing 
appropriate precipitating agents, Such as Salts or organics. 
The Solvent is combined with the Salt/ion pair at a tempera 
ture determined experimentally to be appropriate for the 
induction of crystallization and acceptable for the mainte 
nance of Stability and activity. The Solvent can optionally 
include co-Solutes, Such as divalent cations, co-factors or 
chaotropes, as well as buffer Species to control pH. The need 
for co-Solutes and their concentrations are determined 
experimentally to facilitate crystallization. In an industrial 
Scale process, the controlled precipitation leading to crys 
tallization can best be carried out by the Simple combination 
of Salt/ion pair, precipitant, co-Solutes, and optionally buff 
erS in a batch process. Alternative laboratory crystallization 
methods, Such as dialysis, or vapor diffusion can also be 
adapted. McPherson (Methods Enzymol. 114: 112 (1985)), 
and Gilliland (J. Crystal Growth 90: 51-59 (1988)) include 
a comprehensive list of Suitable conditions in their reviews 
of the crystallization literature. Occasionally, incompatibil 
ity between the croSS-linking reagent and the crystallization 
medium might require exchanging the crystals into a more 
Suitable Solvent System. 
0046) Once crystals are grown in a suitable medium, they 
can be croSS-linked. CroSS-linking results in Stabilization of 
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the crystal lattice by introducing covalent links between the 
constituent amino acid molecules in the crystal. CroSS 
linking can be achieved by a wide variety of bifunctional 
reagents, although in practice, Simple, inexpensive glutaral 
dehyde used alone or in Sequence with an epoxide, is 
preferred. For a representative listing of other available 
croSS-linking reagents, one can consult, for example, the 
1996 catalog of the Pierce Chemical Company. 
0047 Cross-linking with glutaraldehyde forms strong 
covalent bonds as for example between primarily lysine 
amino acid residues within and between the enzyme mol 
ecules in the crystal lattice that constitute the Salt/ion pair 
crystal. The croSS-linking interactions prevent the constitu 
ent amino acid molecules in the crystal from going back into 
Solution, effectively insolubilizing or immobilizing the 
enzyme molecules into microcrystalline (ideally 10 mm) 
particles. The macroscopic, immobilized, insolubilized crys 
tals can then be readily Separated from the feedstock con 
taining product and unreacted Substrate by Simple proce 
dures Such as filtration, decantation, and others. 
0048. An alternative embodiment crosslinking can be 
carried out using reversible crosslinkers, in parallel or in 
sequence with an epoxide as described in U.S. Pat. No. 
6,140,475. 
0049. The salt/ion pairs of the subject invention possess 
Solubilities which are different from those of the individual 
medicament or drug components which enables the easier 
preparation of Sustained or enhanced release dosage forms. 
0050 For purposes of the formulations of this invention, 
which are intended for inhalation into the lungs, the Salt/ion 
pair of the Selected medicament or drug is preferably 
micronized whereby a therapeutically effective amount or 
fraction (e.g., ninety percent or more) of the Salt/ion pair is 
particulate. Typically, the particles have a diameter of leSS 
than about 10 microns, and preferably less than about 5 
microns, in order that the particles can be inhaled into the 
respiratory tract and/or lungs. 
0051. The salt/ion pair of the selected medicament or 
drug is present in the inventive formulations in a therapeu 
tically effective amount, that is, an amount Such that the drug 
can be administered as a dispersion aeroSol, Via oral or nasal 
inhalation, and cause its desired therapeutic effect, typically 
preferred with one dose, or through Several doses. The drug 
is typically administered as an aeroSol from a conventional 
Valve, e.g., a metered dose valve, through an aerosol adapter 
also known as an actuator. 

0052 The term “amount” as used herein refers to a 
quantity or to a concentration as appropriate to the context. 
The amount of a drug that constitutes a therapeutically 
effective amount varies according to factorS Such as the 
potency of the particular drug, the route of administration of 
the formulation, and the mechanical System used to admin 
ister the formulation. A therapeutically effective amount of 
a particular drug can be selected by those of ordinary skill 
in the art with due consideration of Such factors. Generally 
a therapeutically effective amount of the Salt/ion pair, as 
indicated previously, will be from about 0.000001 parts by 
weight to about 10 parts by weight based on 100 parts by 
weight of the resultant aeroSol formulation containing the 
fluid or propellant Selected. 
0053 A suitable fluid includes air, a hydrocarbon such as 
n-butane, propane, isopentane, etc. or a propellant. A Suit 
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able propellant is any fluorocarbon, e.g. a 1-6 hydrogen 
containing flurocarbon (such as CHFCHF, CFCHF, 
CHF.CHs and CFCHFCF), a perfluorocarbon, e.g. a 1-4 
carbon perfluorocarbon, such as CFCF, CFCFCF; or 
any mixture of the foregoing, having a Sufficient vapor 
preSSure to render them effective as propellants. Some 
typical Suitable propellants include conventional chlorofluo 
rocarbon (CFC) propellants Such as propellants, 11, 12 and 
114 or a mixture thereof. Non-CFC propellants, such as 
1,1,1,2-tetrafluoroethane (Propellant 134a), 1,1,1,2,3,3,3- 
heptafluoropropane (Propellant 227) or a mixture thereof are 
preferred. The fluid or propellant is preferably present in an 
amount Sufficient to propel a plurality of the Selected doses 
of drug from an aerosol canister when Such is employed. 

0.054 Optionally, a suitable stabilizer is selected. In this 
regard, reference is made to U.S. patent application Ser. No. 
09/209.228, filed Dec. 10, 1998, which is incorporated 
hereinto by reference in its entirety. A suitable stabilizer is 
a “water addition'. As used herein a “water addition' is an 
amount of water which (1) is added, either initially with 
other components of the aeroSol formulation, e.g. Salt/ion 
pair of the medicament and fluid carrier, or after the other 
components, e.g. Salt/ion pair of the medicament, fluid 
carrier, are combined and processed; (2) is in addition to the 
water which is always present and which develops during 
processing and/or Storage of the aeroSol formulation, i.e. 
“developed” or “nascent” formulation water; and (3) is 
present in an amount which further Stabilizes a medicinal 
aeroSol formulation having nascent formulation water. 

0.055 An aerosol formulation preferably comprises the 
water addition in an amount effective to more effectively 
stabilize the formulation relative to an identical formulation 
not containing the water addition, i.e. containing only 
nascent formulation water, Such that the Salt/ion pair of the 
drug does not Settle, cream or flocculate after agitation So 
quickly as to prevent reproducible dosing of the Salt/ion pair 
of the drug. Reproducible dosing can be achieved if the 
formulation retains a Substantially uniform Salt/ion pair of 
the drug concentration for about fifteen Seconds to about five 
minutes after agitation. 

0056. The particular amount of the water addition that 
constitutes an effective amount is dependent upon the par 
ticular fluid carrier, e.g. propellant, and on the particular 
drug or drugs used in the formulation. It is therefore not 
practical to enumerate specific effective amounts for use 
with specific formulations of the invention, but such 
amounts can readily be determined by those skilled in the art 
with due consideration of the factors set forth above. Gen 
erally, however, the water addition must be present in a 
formulation in an amount in excess of the concentration of 
the nascent formulation water. Such concentration of 
nascent formulation water typically ranges up to 300 parts 
by weight per one million parts by weight of the total weight 
of the aeroSol formulation. Accordingly, the water addition 
in excess of this nascent water concentration typically 
ranges from about 10 parts by weight to 5000 parts by 
weight per one million parts by weight of the total aeroSol 
formulation weight. Most preferred is that the concentration 
of the water addition in exceSS of this nascent water con 
centration is from 500 parts by weight to 5000 parts by 
weight per one million parts by weight of the total weight of 
the medicinal aerosol formulation. 
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0057. It is to be emphasized that this is an amount which 
exceeds the amount of nascent or developed formulation 
water. It is also to be stressed that preferably this amount of 
water addition can be added and initially combined with the 
other components of the formulation, e.g. Salt/ion pair of 
amylin, glucogan and fluid carrier, e.g. 1,1,1,2-tetrahydrof 
luoroehtane. However, the water addition can be added to 
the resultant formulation after these other components have 
been processed, e.g. prior to or Subsequent to Storage. 
0058 Optionally, a second suitable stabilizer can be 
employed, either alone or in combination with the water 
addition Stabilizer. The Second Stabilizer includes an amino 
acid selected from (a) a monoamino carboxylic acid of the 
formula, HN-R-COOH (I), (b) a monoamino dicarboxy 
lic acid of the formula, H.N-R(COOH) (II) and (c) a 
diamino monocarboxylic acid of the formula (HN)-R 
COOH (III), where R is a straight or branched alkyl radical 
of from 1 to 22 carbon atoms, which can be mono or 
poly-substituted with moieties such as sulfide (-S-), 
oxide (-O-), hydroxyl (-OH), amide (-NH), sulfate 
(-SO4); aryl of the formula 

0059 where X is hydrogen, halogen (F, Cl, BR, I), alkyl 
of 1 to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms, 
hydroxy and nitro, and heterocyclic, Such as thienyl, furyl, 
pyranyl, imidazolyl, pyrrolyl, thizolyl, oxazolyl, pyridyl, 
and pyrimidinyl compounds; (2) a derivative of the amino 
acid Selected from (a) acid addition salts of the amino group, 
obtained from inorganic acids, Such as hydrochloric, hydro 
bromic, Sulfuric, nitric, phosphoric, and perchloric acids, as 
Well as organic acids, Such as tartaric, citric, acetic, Succinic, 
maleic, fumaric, oxalic acids; (b) amides of the carboxylic 
acid group, e.g., glutamine, di-peptides, e.g. Salts and esters 
of oxidized and unoxidized L-cysteinylglycine, gamma-L- 
glutamyl-L-cysteine, N-acetyl-L-cysteine-glycine, either 
conjugated, unconjugated or polymeric forms of L-Gly-L- 
Glu and L-Val-L-Thr, L-aspartyl-L-phenylalanine, muramyl 
dipeptides, nutrients Such as L-tyrosyl-L-tyrosine, L-alanyl 
L-tyrosine, L-arginyl-L-tyrosine, L-tyrosyl-L-arginine, 
N-Cbz-L-Leu-L-Leu-OCH and its salts or esters, glycyl 
glycine, N-acetyl-L-aspartate-L-glutamate (NAAG), etc.; 
and tripeptides, e.g. oxidized and unoxidized gamma-L- 
glutamyl-L-cysteinylglycine; muramyl tripeptides, etc. (c) 
esters of the carboxylic acid group obtained from aliphatic 
straight or branched chain alcohols of from 1 to 6 carbon 
atoms, e.g. L-aspartyl-L-phenylalanine methylester (Aspar 
tame(R), (3) an ether of any of the foregoing; (4) a hydrate 
or Semi-hydrate of any of the foregoing and (5) a mixture of 
the amino acid and the derivative of the amino acid. 

0060 Suitable amino acids of the formula I include 
glycine, alanine, Valine, leucine, isoleucine, leucylalanine, 
methionine, threonine, isovaline, phenylalanine, tyrosine, 
Serine, cysteine, N-acetyl-L-cysteine, histidine, tryptophan, 
proline, and hydroxyproline, e.g. trans-4-hydroxy proline. 
Compounds of the formula II include, aspartic acid, and 
glutamic acid, compounds of the formula (III) include 
arginine, glutamine, lysine, hydroxylysine, omithine, aspar 
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agine, and citruline. In this regard, reference is made to U.S. 
Pat. No. 6,136,294, which is incorporated by reference 
hereinto in its entirety. 
0061 Again, a fluid or aerosol formulation preferably 
comprises the protective colloid Second Stabilizer in an 
amount effective to stabilize the formulation relative to an 
identical formulation not containing the Stabilizer, Such that 
the drug does not Settle, cream or flocculate after agitation 
So quickly as to prevent reproducible dosing of the drug. AS 
indicated, reproducible dosing can be achieved if the for 
mulation retains a Substantially uniform drug concentration 
for about fifteen Seconds to about five minutes after agita 
tion. 

0.062 For optimal functional and therapeutic perfor 
mance of the aerosol formulation, either as a dry powder or 
as an aeroSol Suspension, the Second Stabilizer is present 
either as a coarse carrier (e.g., 20-90 um) or as a finely 
micronized powder, S10 um in diameter. In either case, 
reproducible drug dosimetry is obtained without the need to 
qualify the inspiratory maneuver of the patient. Accordingly, 
excellent dose uniformity is obtained at tidal flows of up to 
2 liters, or at inspiratory flow rates of as low as 15 liters per 
minute to about 90 liters per minute. 
0.063) Again, the particular amount of stabilizer that con 
Stitutes an effective amount is dependent upon the particular 
Stabilizer, the particular propellant, and on the particular 
drug used in the formulation, but Such amounts can readily 
be determined by those skilled in the art with due consid 
eration of these factors. Generally, however, the Second 
Stabilizer can be present in a formulation in an amount from 
about 0.001 parts per million to about 200,000 parts per 
million, more preferably about 1 part per million to about 
10,000 parts per million, most preferably from about 10 
parts per million to about 5,000 parts per million of the total 
formulation. 

0064. It has surprisingly been found that the formulation 
of the invention is stable without the necessity of employing 
a coSolvent, Such as ethanol, or Surfactants. However, further 
components, Such as conventional lubricants or Surfactants, 
coSolvents, ethanol, etc., can also be present in an aeroSol 
formulation of the invention in Suitable amounts readily 
determined by those skilled in the art. In this regard, 
reference is made to U.S. Pat. No. 5.225,183, which is 
incorporated by reference hereinto in its entirety. 
0065 Generally the formulations of the invention can be 
prepared by combining (i) the Salt/ion pair of the drug in an 
amount Sufficient to provide a plurality of therapeutically 
effective doses; (ii) the fluid or propellant in an amount 
Sufficient to propel a plurality of doses, e.g. from an aeroSol 
canister; (iii) optionally, the Stabilizer(s) in an amount effec 
tive to stabilize each of the formulations; and (iv) any further 
optional components e.g. ethanol as a coSolvent, and dis 
persing the components. The components can be dispersed 
using a conventional mixer or homogenizer, by Shaking, or 
by ultraSonic energy. The components can also be dispersed 
using a bead mill or a microfluidizer. Bulk formulations can 
be transferred to Smaller individual aeroSol vials by using 
Valve to valve transfer methods, pressure filling or by using 
conventional cold-fill methods. It is not required that a 
Stabilizer used in a Suspension aeroSol formulation be 
soluble in the propellant. Those that are not sufficiently 
Soluble can be coated onto the drug particles in an appro 
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priate amount and the coated particles can then be incorpo 
rated in a formulation as described above. 

0066 AS previously indicated, the salt/ion pair can be 
used in a modulated release formulation. The cationic Source 
is responsible for the modulating property of the resultant 
Salt/ion pair of the Selected medicament. 
0067. As previously indicated the sufficient amount of the 
modulating cationic Source or component, e.g. Zinc acetate, 
magnesium chloride, etc. is dependent upon the desired rate 
of release of the Salt/ion pair of the medicament itself. 
Typically, for a release of about 2 to about 6 hours, the 
concentration of the modulating agent, e.g. magnesium 
chloride ranges from about 10 ppm to about 100,000 ppm to 
effect a desired release profile, e.g., about 15 minutes to 
about 12 hours. 

0068 Particles of the selected Salt/ion pair system may be 
prepared using Solutions, Suspension slurries, or emulsion 
preparations of the Salt/ion pair of the active pharmaceutical 
ingredient which may Subsequently be dried either by the 
use of an antisolvent Such as carbon dioxide, nitrogen, or any 
other appropriate antisolvent, or by Solvent evaporation, 
Spray drying, Solvent extraction, phase Separation, coacer 
Vation, interfacial polymerization, and other methods well 
known to those of ordinary skill in the art. Particles may be 
made also using microencapsulation, by nanoparticle tech 
nology, by coating methods Such as Spray congealing, by 
Supercritical fluid technology, or by micellar Solubilization 
where various techniques known to those skilled in the art 
may be used. These methods are described in the following 
non-exhaustive list of references which are incorporated 
hereinto by reference: 

0069 (1) Doubrow, M., Ed., “Microcapsules and 
Nanoparticles in Medicine and Pharmacy,” CRC Press, 
Boca Raton, 1992 

0070 (2) Benita et al., J. Pharm. Sci. 73, 1721-1724 
(1984); 

0071 (3) Cook et al., U.S. Pat. No. 4,044,126; 
0072 (4) Cook et al., U.S. Pat. No. 4,363,923; 
0073 (5) Cook et al., U.S. Pat. No. 4414,209; 
0074 (6) Ecanow, U.S. Pat. No. 4,963,367; 
0075 (7) Hallworth et al., U.S. Pat. No. 4,206,758; 
0076 (8) Hallworth et al., U.S. Pat. No. 4,353,365; 
0077 (9) Lindsay, U.S. Pat. No. 5,169.433; 
0078 (10) Makiej, Jr., U.S. Pat. No. 5,002,048; 
0079 (11) Mathiowitz and Langer, J. Controlled 
Release 5,13-22 (1987); 

0080 (12) Mathiowitz et al., Reactive Polymers 6, 
275-283 (1987); 

0081 (13) Mathiowitz et al., J. Appl. Polymer Sci. 35, 
755-774 (1988); 

0082 (14) Mathiowitz et al., Scanning Microscopy 4: 
329-340 (1990); 

0083) (15) Mathiowitz et al., J. Appl. Polymer Sci. 45, 
125-134 (1992); 

0084) (16) Martin, U.S. Pat. No. 4,892.232; 
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0085 (17) Newell et al., U.S. Pat. No. 4,811,731; 
0086) (18) Newell et al., U.S. Pat. No. 4,627,432; 
0087 (19) Ray, U.S. Pat. No. 4,800,903; 
0088 (20) Riccio, U.S. Pat. No. 3,856,185; 
0089 (21) Ronge, U.S. Pat. No. 5,056,511; 
0090 (22) Sievers et al., U.S. Pat. No. 4970,093; 
0.091 (23) Smith, U.S. Pat. No. 4,582,731; 
0092 (24) Whitsett, U.S. Pat. No. 5,013,720; and 
0.093 (25) McNab, United States Patent Number, 
5,044,523. 

0094) (26) Hanna and York, World Intellectual Prop 
erty Organization Patent Number WO9959710A1 

0.095 (27) Hanna, et al., World Intellectual Property 
Organization Patent Number WO9944733A1 

0096] (28) Hanna and York, World Intellectual Prop 
erty Organization Patent Number WO9836825A1 

0097. The modulated release particles of the invention 
can be delivered to the respiratory tract and/or lung of the 
patient to be treated, e.g. a human being or other animal, by 
oral inhalation in order to effect bronchodilation or in order 
to treat a condition Susceptible of treatment by inhalation, 
e.g., asthma, chronic obstructive pulmonary disease. 
0098. The modulated release particles of the invention 
can also be delivered to the lung in order for the biothera 
peutic agent to be delivered at measured rates to the Systemic 
circulation for treatment of diseases elsewhere in the body, 
e.g., diabetes, hormone replacement, cancer, erythropoiesis, 
infection, or for immune protection Such as achievable with 
Vaccines. 

0099. The modulated release particles of the invention 
can also be delivered by nasal inhalation in order to treat, for 
example, allergic rhinitis, rhinitis, (local) or diabetes (sys 
temic), or they can be delivered via topical (e.g., buccal) 
administration in order to treat, e.g., angina or local infec 
tion. 

0100 Aerosol canisters equipped with conventional 
Valves, preferably metered dose valves, can be used to 
deliver the formulations of the invention. It has been found, 
however, that Selection of appropriate valve assemblies for 
use with aerosol formulations is dependent upon the par 
ticular stabilizer and other adjuvants used (if any), on the 
propellant, and on the particular drug being used. Conven 
tional neoprene and buna Valve rubbers used in metered dose 
valves for delivering conventional CFC formulations often 
have less than optimal valve delivery characteristics and 
ease of operation when used with formulations containing 
HFC-134a or HFC-227. Therefore certain formulations of 
the invention are preferably dispensed via a valve assembly 
wherein the diaphragm is made of a nitrile rubber Such as 
DB-218 (American Gasket and Rubber, Schiller Park, Ill.) or 
an EPDM rubber such as VistalonTM (Exxon), Royalene TM 
(UniRoyal), bunaEP (Bayer). Also suitable are diaphragms 
fashioned by extrusion, injection molding or compression 
molding from a thermoplastic elastomeric material Such as 
FLEXOMERTM GERS 1085 NT polyolefin (Union Car 
bide). 
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0101 Conventional aerosol canisters, coated or uncoated, 
anodized or unanodized, e.g., those of aluminum, glass, 
Stainless Steel, polyethylene terephthalate, and coated can 
isters or cans with epon, epoxy, etc., can be used to contain 
a formulation of the invention. 

0102 Conventional nebulizer systems can be employed 
with the formulations of this invention, as well as by powder 
aeroSols. 

We claim: 
1. A medicinal formulation, which comprises: 
(a) a therapeutically effective amount of a Salt/ion pair of 

a protein or peptide medicament having a molecular 
size ranging from about 0.5K Dalton to about 150 K 
Daltons, and 

(b) a fluid carrier for containing said ion pair; 
2. The formulation as defined in claim 1 wherein said 

medicament is Selected from the group consisting of an 
insulin, an insulin analog, an amylin, an immunomodulating 
protein, an interleukin, an interferon, an erythropoietin, a 
heparin, a thrombolytic, an antitrypsin, an anti-protease, a 
hormone, a growth factor, an enzyme, a nucleic acid, an 
immunoglobulin, an antibiotic, an antiinfective, a calcitonin, 
a hematopoietic factor, a vaccine, a vasoactive peptide, an 
antisense agent, an oligonucleotide, DNase, a cycloSporin, 
ribavirin or a mixture of any of the foregoing medicaments. 

3. The formulation as defined in claim 1 wherein said 
medicament is Selected from the group consisting of an 
insulin, an insulin analog, an amylin, glucagon, LH-RH, 
deltireX, leuprolide, goSorelin, nafarelin, octreotide, Soma 
tostatin, a calcitonin, porathyroid hormone, TRH, growth 
hormone-releasing hormone, G-CSF, G-SF, a cytokine, rhD 
NASe, a heparin, an antibiotic, albumin, ovalbumin, amin 
loride, DDAVP, VIP, a cyclosporin, an erythropoietin, an 
interferon, IgG, IgE, IgM, IgA, Ig), an interleukin, IRAP, 
papain, peroxidase, Serratio peptidase, catalase, C.-1-antit 
rypsin, a gene; a vector, an amiloride, a rhDNASe, an 
oligonucleotide, ribavirin or a mixture of any of the fore 
going medicaments. 

4. The formulation as defined in claim 1, wherein said ion 
pair comprises a cation of a metal Selected from the group 
consisting of Ca, Mg., Zn, Al, Fe, and a mixture of any of the 
foregoing metals. 

5. The formulation as defined in claim 1, wherein said 
medicament is insulin. 

6. The formulation as defined in claim 1, which further 
comprises a Stabilizer Selected from the group consisting of 
(a) water addition, (b) an amino acid or a derivative thereof 
and (c) a mixture of any of the foregoing. 

7. The formulation as defined in claim 6, wherein said 
Stabilizer comprises Said water addition. 

8. The formulation as defined in claim 7, wherein said 
Stabilizer is present in amount of about 10 parts by weight 
to about 5000 parts by weight based on one million parts by 
total weight of the medicinal aerosol formulation. 

9. The formulation as defined in claim 6, wherein said 
Stabilizer comprises Said amino acid or Said derivative 
thereof. 

10. The formulation as defined in claim 9, wherein said 
Stabilizer is Selected from the group consisting of the twenty 
existing amino acids, any mixture thereof, and any deriva 
tive of the foregoing 
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11. The formulation as defined in claim 10, wherein said 
Stabilizer is selected from the group consisting of (1) a 
di-peptide Selected from the group consisting of a Salt and an 
ester of oxidized and unoxidized L-cysteinylglycine, 
gamma-L-glutamyl-L-cysteine, N-acetyl-L-cysteine-gly 
cine; (2) a conjugated, unconjugated or polymeric form of 
L-Gly-L-Glu and L-Val-L-Thr; (3) L-aspartyl-L-phenylala 
nine; (4) a muramyl dipeptide; (5) a nutrient Selected from 
the group consisting of L-tyrosyl-L-tyrosine, L-alanyl-L- 
tyro Sine, L-arginyl-L-tyro Sine, L-tyrosyl-L-arginine, 
N-Cbz-L-Leu-L-Leu-OCH and salts or esters of the forego 
ing; (6) glycyl-glycine; (7) N-acetyl-L-aspartate-L- 
glutamate; (NAAG); (8) a tripeptide Selected from the group 
consisting of an oxidized and an unoxidized form of gamma 
L-glutamyl-L-cysteinylglycine or a muramyl tripeptide and 
(9) a mixture of any of the foregoing Stabilizers. 

12. The formulation as defined in claim 10, wherein said 
Stabilizer is present in an amount ranging from about 0.001 
parts per million to about 200,000 parts per million of the 
total weight of the formulation. 

13. The formulation as defined in claim 6, wherein said 
Stabilizer is present in an amount effective to prevent Set 
tling, creaming or flocculation of the formulation for a time 
Sufficient to allow reproducible dosing of the drug after 
agitation of the formulation. 

14. The formulation as defined in claim 1, wherein said 
fluid carrier is a propellant Selected form the group consist 
ing of 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoro 
propane or a mixture thereof. 

15. The formulation as defined in claim 1, wherein said 
fluid carrier is a hydrocarbon propellant selected from the 
group consisting of n-butane, propane, isopentane or a 
mixture thereof. 

16. The formulation as defined in claim 1, which further 
includes a coSolvent. 

17. The formulation as defined in claim 16, wherein said 
coSolvent comprises ethanol. 

18. The formulation as defined in claim 1 wherein said 
Salt/ion pair comprises crosslinked crystals of a Salt/ion pair 
of insulin. 

19. A method of preparing a Stable medicinal aeroSol 
formulation according to claim 1, which comprises: 

(a) combining (i) said Salt/ion pair in an amount Sufficient 
to provide a plurality of therapeutically effective doses, 
and (ii) said fluid carrier in an amount Sufficient to 
propel a plurality of Said therapeutically effective 
doses, and 

(b) dispersing components (i), and (ii). 
20. The method as defined in claim 19, which further 

comprises combining in step (a) a stabilizer in an effective 
Stabilizing amount and in step (b) dispersing components (i) 
and (ii) with said stabilizer. 

21. The method as defined in claim 20, which further 
comprises combining in Step (a) a coSolvent and in Step (b) 
dispersing components (i), (ii) and (iii) with Said cosolvent. 

22. The method as defined in claim 21, wherein said 
coSolvent is ethanol. 

23. A method of treating in a human or an animal a 
condition capable of treatment by oral or nasal inhalation, 
which comprises, administering a formulation according to 
claim 1 to Said human or animal by oral or nasal inhalation. 

24. A formulation according to claim 1 in an aeroSol 
canister equipped with a metered dose valve. 
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25. A metered dose inhaler containing a medicinal aeroSol 
formulation, the formulation comprising: 

(a) a Salt/ion pair of a protein or peptide medicament in 
particulate form in a therapeutically effective amount; 
and 

(b) a fluid carrier. 
26. The metered dose inhaler as defined in claim 25, 

wherein the formulation additionally comprises a Stabilizer 
comprising a water addition which is present in an amount 
which (1) is in excess of nascent formulation water and (2) 
is present in an amount to Stabilize the formulation to 
prevent Settling, creaming or flocculation for a time Suffi 
cient to allow reproducible dosing of the drug after agitation 
of the formulation. 

27. The metered dose inhaler as defined in claim 26, 
wherein Said Stabilizer is present in Said exceSS in an amount 
of about 10 parts by weight to about 5000 parts by weight 
based on one million parts by total weight of the medicinal 
aeroSol formulation. 

28. The metered dose inhaler as defined in claim 26, 
wherein Said medicament is Selected from the group con 
Sisting of an amylin, an insulin and a mixture of the 
foregoing. 

29. The metered dose inhaler as defined in claim 25, 
wherein Said formulation further comprises a Suitable Sta 
bilizer Selected from an amino acid, an amino acid deriva 
tive, or a mixture of the foregoing, present in an amount 
Sufficient to Stabilize the formulation to prevent Settling, 
creaming or flocculation for a time Sufficient to allow 
reproducible dosing of the drug after agitation of the for 
mulation. 

30. The metered dose inhaler as defined in claim 29, 
wherein the Stabilizer is Selected from the group consisting 
of the twenty existing amino acids any mixture of any of the 
foregoing, and any derivative of the foregoing. 

31. The metered dose inhaler as defined in claim 25, 
wherein Said medicament comprises an amylin. 

32. The metered dose inhaler as defined in claim 25, 
wherein Said medicament comprises insulin. 

33. The metered dose inhaler as defined in claim 29, 
wherein Said medicament comprises amylin. 

34. The metered dose inhaler as defined in claim 29, 
wherein Said medicament comprises insulin. 

35. The metered dose inhaler as defined in claim 25, 
wherein Said fluid carrier is a propellant Selected from the 
group consisting of 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3- 
heptafluoropropane or a mixture thereof. 

36. The metered dose inhaler as defined in claim 25, 
wherein said fluid carrier is a hydrocarbon selected from the 
group consisting of n-butane, propane, isopentane and a 
mixture of any of the foregoing hydrocarbons. 

37. The metered dose inhaler as defined in claim 25, 
wherein Said formulation further includes a coSolvent. 

38. The metered dose inhaler as defined in claim 37, 
wherein Said coSolvent is ethanol. 

39. The metered dose inhaler as defined in claim 29, 
wherein Said fluid carrier is a propellant Selected from the 
group consisting of 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3- 
heptafluoropropane or a mixture thereof 
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40. The metered dose inhaler as defined in claim 29, 
wherein said fluid carrier is a hydrocarbon selected from the 
group consisting of n-butane, propane, isopentane and a 
mixture of any of the foregoing hydrocarbons. 

41. The metered dose inhaler as defined in claim 29, 
wherein Said formulation further includes a coSolvent. 
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42. The metered dose inhaler as defined in claim 41, 
wherein Said coSolvent is ethanol. 


